medications also induce metabolic changes that interact with cardiovascular risk. 7 Efforts to tailor cardiovascular risk prediction models for patients with HIV are under way. 8 However, we know little about physicians' provision of cardiovascular care to patients with HIV, or how their cardiovascular care patterns compare with those of HIVuninfected patients. Examining cardiovascular care patterns among patients with HIV may uncover opportunities for quality improvement through clinician-level, practice-level, or reimbursement-based interventions. Improving the quality of cardiovascular care that physicians provide to patients with HIV may also help improve their health outcomes. To further inform these issues, we used nationally representative visit data from physician offices and hospital outpatient clinics in the United States to compare guideline-recommended use of aspirin, statins, antihypertensives, smoking cessation counseling and pharmacotherapy, and diet/exercise counseling among HIVinfected adults with cardiovascular risk factors. We compared these patterns of care with the care provided to HIVuninfected adults with cardiovascular risk factors.
Methods
The data and study materials are publicly available, and the analytic methods will be made available to other researchers upon request by contacting the corresponding author, for purposes of reproducing the results or replicating the procedure. Data sharing: The full data set is available at the National Ambulatory Medical Care Survey/National Hospital Ambulatory Medical Care Survey. Study results will be disseminated to Clinical and Translational Science Institute/ University of California's Resource Centers for Minority Aging Research and The Charles R. Drew University/University of California Project Export Center, which includes community representatives and a community advisory board.
Data
We analyzed data on adults aged 40 to 79 years from the 2006 to 2013 National Ambulatory Medical Care Survey (NAMCS) and National Hospital Ambulatory Medical Care Survey (NHAMCS), nationally representative surveys of ambulatory care. 9 We included all visits to office-based physicians and hospital-based outpatient clinics. The National Center for Health Statistics and the Centers for Disease Control and Prevention conduct the NAMCS and NHAMCS in the United States annually. The NAMCS is conducted on a nationally representative sample of visits to office-based physicians and the NHAMCS is conducted on a nationally representative sample of visits to hospital-based outpatient clinics and emergency departments. For the NAMCS, each physician is randomly assigned to a 1-week reporting period during which a random sample of visits is surveyed systematically. Data collection is expected to be carried out by the physician or the physician's staff but data are also abstracted by US Census field representatives. Data are recorded in standardized patient record forms. For the NHAMCS, a systematic random sample of patient visits in selected noninstitutional general and short-stay hospitals are surveyed during a randomly assigned 4-week reporting period. Data collection is expected to be performed by hospital staff but data are also abstracted by US Census field representatives. Similar to the NAMCS, data are recorded in standardized patient record forms. In both surveys, data are collected from the medical record on patients' symptoms, comorbidities, and demographic characteristics; physicians' diagnoses; medications ordered or provided; and medical services provided. Data on community health centers and NHAMCS outpatient hospital departments were unavailable in 2012 to 2013, but the majority of ambulatory care is performed in officebased visits and captured by the NAMCS (93% of visits during 2006 to 2011 occurred in NAMCS office visits rather than in NHAMCS hospital outpatient departments, and of the NAMCS visits, 99% of them occurred outside of community health centers). We adjusted for the absence of these 2 care sites in regression analyses and used the ratio of estimates derived from 2006 to 2011 with and without hospital outpatient/ community health center visits to adjust 2012 to 2013 estimates of care provision and visit volume.
The NAMCS and NHAMCS intake materials allow physicians and staff to record up to 3 reasons for each visit and 3 diagnoses related to the visit, in addition to capturing several other major comorbid diagnoses (coded by National Center for Health Statistics staff using the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]). 10 The data are publicly available through the National Center for Health Statistics' website and the analytic methods and study materials will be made available upon reasonable
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• Patients with HIV experience approximately a 50% to 100% increased risk of myocardial infarction and stroke compared with HIV-uninfected persons, but physicians underused guideline-recommended cardiovascular care in these patients and were less likely to prescribe them aspirin and statin therapy.
request to other researchers by the corresponding author for purposes of reproducing the results or replicating the procedure. This study was exempt from Institutional Review Board review.
Study Population
We identified visits by adults aged 40 to 79 years with HIV using ICD-9 codes 042, 079.53, and V08 and reason for visit code 2015.1. Building on methods from our prior work, 11, 12 we also identified the following risk factors for adverse cardiovascular events using visit diagnoses and patients' chief complaints: existing cardiovascular disease (coronary artery disease, stroke, carotid stenosis, peripheral vascular disease, and abdominal aortic aneurysm), hypertension, diabetes mellitus, dyslipidemia, obesity/overweight, and cigarette smoking. ICD-9 codes and reason for visit codes are provided in Table S1 .
Patient Involvement
Our study was informed by a 2013 US Food and Drug Administered-sponsored focus group of HIV-infected patients in which patients expressed concerns about the increased inflammation associated with HIV and the consequent increased risk of heart disease. The original data for our study were collected by the National Center for Health Statistics and patients were not directly involved in our study design. For these reasons, the outcome measures were not explicitly informed by patient preferences. However, study [18] [19] [20] Medications prescribed by physicians were identified using Multum Lexicon drug codes and therapeutic drug categories and National Center for Health Statistics generic codes for antiplatelet agents (aspirin, clopidogrel, ticagrelor, and prasugrel), statins, antihypertensive medications, and smoking cessation medications (nicotine replacement therapy, varenicline, or bupropion) (see Table S1 for drug codes). A maximum of 8 medications could be recorded for visits between 2006 and 2011 and this increased to 10 medications in 2012 to 2013. We limited our accounting to the first 8 medications for each visit across all years for conformity but performed a sensitivity analysis in which up to 10 medications were assessed. This sensitivity analysis did not alter our results.
Other Measures
To account for factors associated with treatment patterns, we used NAMCS/NHAMCS data on age, sex, race/ethnicity, insurance (private, Medicare, Medicaid, self-pay/no-charge, and other/unknown), US census region (Northeast, Midwest, South, and West), and urban or rural setting. We characterized patients as non-Hispanic white, non-Hispanic black, Hispanic, or other race. We also assessed continuity of care and considered a patient to have good continuity of care if the patient had been seen before and had at least 1 visit in the practice during the preceding 12 months. 22 We performed exploratory sensitivity analyses among the subset of patients with physician specialty information or lipid values. We accounted for physician specialty and explored differences in care between HIV-infected and HIV-uninfected patients by comparing lipid levels among statin-eligible patients and blood pressure among patients with hypertension. In other sensitivity analyses, we (1) assessed whether use of antiretroviral therapy was inversely associated with statin therapy, because some researchers have cited concerns about drug-drug interactions 23 ; and (2) limited our population to only preventive care visits (including general medical examinations) and primary care visits (physicians in family practice and internal medicine, or other specialties when the physician reported serving as the patient's primary care doctor).
Statistical Analysis
We used summary statistics to estimate the prevalence of cardiovascular treatments during our study period. We estimated logistic regression models to compare cardiovascular care among patients with versus without HIV. To improve the comparability of HIV-infected and HIV-uninfected patients and reduce bias in our estimates of differences in care, we performed a propensity score analysis using methods for survey-weighted data and inverse probability weighting. 24, 25 Specifically, we used a survey-weighted logistic regression model to estimate the predicted probability of HIV. This model included patients' clinical risk factors, demographic characteristics, insurance status, geographic region, setting (urban or rural), and care site, as described above and listed in Tables S2 and S3 . Survey weights were also included as a covariate in this model. The predicted probabilities were then inverted to estimate propensity weights (if e is the predicted probability of HIV, HIV-infected patients received a weight of 1/e while HIV-uninfected patients received a weight of 1/(1-e)), and these weights were incorporated into the survey design. Analyses accounting for physician specialty were limited to the NAMCS because specialty information was unavailable in NHAMCS. We report adjusted odds ratios and 95% confidence intervals (CIs). All analyses accounted for the complex sampling design of the NAMCS and NHAMCS and were performed using Stata, version 14 (StataCorp, Inc, College Station, TX). 26 
Results
We identified 1631 visits by HIV-infected adults and 226 862 visits by HIV-uninfected adults with cardiovascular risk factors from 2006 to 2013, representing 2.2 million and 602 million visits per year, respectively ( Table 2) . Compared with patients without HIV, patients with HIV were more likely to be younger, male, Hispanic, black, and uninsured or insured by Medicaid. The prevalence of cardiovascular disease and factors conferring risk for cardiovascular disease was higher among patients without HIV, with the exception of smoking, which was more common among patients with HIV. Propensity score methods improved the balance across the 2 groups (Table S4) .
Pharmacologic Therapy
The unadjusted proportion of visits by HIV-infected versus HIV-uninfected adults with an aspirin/antiplatelet prescription when patients met US Preventive Services Task Force criteria for primary prevention or had CVD was 5.1% (95% CI, 2.8%-7.3%) versus 13.8% (95% CI, 13.3%-14.3%); the proportion of visits with a statin prescription when patients had diabetes mellitus, CVD, or dyslipidemia was 23.6% (95% CI, 16.3%-30.9%) versus 34.8% (95% CI, 33.9%-36.8%); and the proportion of visits with antihypertensive therapy when patients had a diagnosis of hypertension was 53.4% (95% CI, 42.3%-64.5%) versus 58.4% (95% CI, 57.2%-59.9%), respectively. Time trends are shown in Figure 1 . After adjustment for confounders in the propensity score analysis, aspirin/antiplatelet therapy and statin therapy were prescribed at significantly lower rates among patients with HIV (Table 3) .
Lifestyle Counseling
The unadjusted proportion of visits by HIV-infected versus HIV-uninfected adults with any cardiovascular risk factors DOI: 10.1161/JAHA.117.007107
Journal of the American Heart Association Figure 2 . Unadjusted differences between HIVinfected and HIV-uninfected patients were not significant, and remained nonsignificant after adjustment (Table 3) .
Sensitivity Analyses With Physician Specialty and Blood Pressure
On the basis of our results, we performed further analyses to assess whether differences in care may have been attributable to differences in the specialty of physicians serving as primary care providers. Specifically, we found that the percentage of subspecialists (usually an infectious doctor for patients with HIV in the years when these data were available) serving as the primary care doctor was 33% for HIVinfected patients versus 4% for HIV-uninfected patients. However, we had insufficient sample size and power to incorporate physician specialty in our aspirin and statin regression models. We also attempted to examine quality of care by comparing lipid levels and blood pressure among patients with or without HIV. These analyses demonstrated that there was no significant difference in lipid values between HIV-infected and HIV-uninfected patients who were statin eligible. There was also no significant difference in systolic blood pressure among hypertensive HIV-infected and HIV-uninfected patients. HIVinfected patients with hypertension had 3 mm Hg higher diastolic blood pressure, however (P=0.04). In another sensitivity analysis involving patients with HIV and diabetes mellitus, CVD, or dyslipidemia, a prescription for antiretroviral therapy was not associated with statin treatment. When we restricted our analysis to only primary care visits, our main results remained unchanged. In addition, we excluded hypertension, dyslipidemia, diabetes mellitus, and CVD as covariates because they could be considered on the causal pathway between HIV and prescriptions for aspirin/antiplatelet, statin, and antihypertensive therapy. Their exclusion did not significantly change our findings (Table S5) .
We performed additional sensitivity analyses to further examine whether differences in aspirin or statin prescribing could be related to differences between the number of medications a patient was taking and the number captured by the NAMCS and NHAMCS data. This analysis showed that the mean number of medications reported was 4.2 for HIVinfected patients versus 3.2 for HIV-uninfected patients (difference=1.0 medications, P<0.001), and 21% of HIVinfected patients reported 8 medications versus 15% of HIVuninfected patients. When aspirin or statin prescriptions were reported among patients with at least 8 medications, they were usually reported in 1 of the first 7 medication positions (76% for aspirin and 92% for statin prescriptions among HIVinfected patients versus 87% for aspirin and 89% for statin prescriptions among HIV-uninfected patients) rather than the eighth and final position. An additional analysis that adjusted for total number of medications (excluding aspirin and statin because of endogeneity) yielded results similar to our main findings.
Discussion
Our results indicate that US physicians generally underuse guideline-recommended cardiovascular care for high-risk adults and are less likely to prescribe aspirin and statins to HIV-infected adults versus HIV-uninfected adults. We did not find any differences in provision of antihypertensive therapy, smoking cessation counseling or medications, or nutrition/ exercise counseling. Similar to other studies, including some of our own work in this area, 27, 28 we also found declining trends in provision of smoking and diet/exercise counseling for both HIV-infected and HIV-uninfected patients. These concerning declines in evidence-based behavioral counseling may be attributable to a "crowd out" effect from an increase in the number of competing clinical items addressed during ambulatory visits. 28 To the best of our knowledge, this study is the first to analyze differences in the quality of cardiovascular care between patients with and without HIV using nationally representative data. Current research efforts in HIV-related cardiovascular disease are largely focused on elucidating the pathophysiology of heightened cardiovascular risk, calibrating risk prediction equations to improve risk stratification, and more recently, evaluating the effects of statin therapy for primary prevention of cardiovascular disease in patients with HIV. 29 All analyses account for the complex sampling design of the NAMCS and NHAMCS. Reference groups are male sex, white race/ethnicity, and private insurance. Other independent variables included in logistic regression models (fully reported in the supplemental material) are age, urban/rural setting, obesity/overweight, smoker, dyslipidemia, diabetes mellitus, hypertension, CVD, and a year-based time trend. Ambulatory visits for each cardiovascular therapy were limited to patients for whom treatment was indicated, based on demographic and clinical characteristics described in Table 1 . For example, aspirin/antiplatelet use was examined in patients at increased CVD risk (men aged 45-79 y, women aged 55-79 y, or any patient with prior CVD) without a history of bleeding. CI indicates confidence interval; CVD, cardiovascular disease; OR, odds ratio. *Medications for smoking cessation include nicotine replacement therapy, varenicline, and bupropion.
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Journal of the American Heart Association persons (n=108) from 10% to 26% in a cohort that was not currently receiving statin therapy. 32 The differences in aspirin/antiplatelet and statin prescription rates we found-2 medications that substantially reduce the incidence of adverse cardiovascular events in at-risk populations and are cost-effective 33, 34 -may partly explain observed differences in cardiovascular event rates between these 2 populations. While differences in other risk factors, particularly the substantial differences in smoking and HIVrelated inflammation, likely play a larger role, the differences in aspirin and statin prescription rates represent a target for quality improvement efforts.
Higher continuity of care among patients with HIV, as shown in Table 1 , also suggests that these patients have more follow-up primary care visits on average than HIV-uninfected patients. This suggests that HIV-infected patients should have more opportunities for preventive cardiovascular care. It is possible that some primary care physicians focus on HIV care during these brief visits (eg, checking CD4 counts and viral loads) and less on preventive care. In addition, our sensitivity analysis examining differences in total prescriptions between HIV-infected and HIV-uninfected adults did not support the possibility that the differences we observed were attributable to the 8-medication limit of the surveys.
Our study has several limitations. The NAMCS and NHAMCS provide a limited amount of clinical information on each patient visit, and we were unable to robustly account for lipid/cholesterol levels or blood pressure. Our estimates of medication prescriptions and counseling could also underestimate true rates because of underreporting; this may particularly be a problem for aspirin, which is available over the counter. Importantly, because the NAMCS and NHAMCS collect data in the same manner each year for all patients, we have no reason to suspect that any misclassification of health services would differ between HIV-infected and HIV-uninfected patients. Because the unit of analysis in the NAMCS/ NHAMCS is visit-based rather than patient-based, differences in visit frequency between HIV-infected and HIV-uninfected patients could affect our results. However, this is less likely to affect utilization during primary care visits (which are more focused on comprehensive and preventive care), and a sensitivity analysis limited to primary care visits did not alter our findings. We also did not perform additional analyses stratified by insurance status or income because of sample size and data limitations.
In conclusion, US physicians generally underused guideline-recommended cardiovascular care for high-risk patients, and were less likely to prescribe aspirin and statins to HIVinfected patients at increased risk-findings that may partially explain higher rates of adverse cardiovascular events among patients with HIV. Professional guidelines, practicelevel, or reimbursement-based policy changes that focus on quality of care among patients with HIV will be needed to ameliorate these disparities and reduce HIV-related cardiovascular morbidity and mortality. 
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